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Abstract 
In this paper, Pt thin film was prepared as thermal resistor in bolometer. The measurements showed that the vacuum annealing 
proved to be an effect method to gain good resistance-temperature properties. The temperature coefficient of resistance (TCR) of 
resistance 1.28Kȍ can be improved by vacuum annealing to achieve 1.737‰/K.What is obtained by experiment is that the values 
of TCR will be affected not only by annealing parameters, but also by the film thickness used, the films with 100nm thickness 
can achieve 2.3‰/K, while that with 17nm can only get 1.1‰/K. 
PACS:68.60.Dv thermal stability;thermal effects 
Keywords: Pt thin film; TCR ; Vacuum annealing   
1. Introduction 
With the increasing needs of military and civilian use in many fields, uncooled infrared (IR) bolometer have 
been applied in thermal image system, firefight, driver night vision, guiding system, medical system, security, 
surveillance and instrumental measurement system [1]. Bolometer [2] is the mainstream of low-cost uncooled 
infrared detector with advantages of wide dynamic range, excellent response linearity, low manufacturing cost, and 
without chopper. In the bolometer, the core is the temperature sensitive materials. The basic principle is the 
thermistor effect that temperature rising due to radiation leads to the change of resistance of thermal-sensitive 
materials. 
At present, metal, thermopile, semiconductors, superconductive materials, and so on, are used as sensitive 
materials in the bolometer [3]. Although, the resistance of thermopile and superconductive materials varies a lot 
when temperature changing, 1/f noise (the power of 1/f noise in the unit band changes with 1/f) increases as the 
current increases [4]. Further, thermopile superconductive and superconductive materials with large resistance also 
bring great thermal noise. Therefore, they are not preferable for sensitive materials in the bolometer. It is necessary 
to take a research on the preparation of metal films [5] as the core of the uncooled infrared bolometer. Platinum was 
prepared as thermistor in this paper due to stable performance, wide linear range and good compatibility with 
integrated circuit (IC) process [6]. 
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2. Expreiments 
2.1Electrical Properties 
The responsivity [7] of infrared detectors can be calculated using the following relationship: 
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Where, 
ib      bias current, 
K       radiation absorption factor, 
G      Pixel thermal conductivity, 
Z      angular frequency of incident radiation power, 
W=C/G  thermal response time. 
Resistance and TCR are two important indicators for bolometer, what can be drawn from above: responsivity and 
TCR are proportional to responsivity  Rv. The greater the resistance is, the higher the responsivity will be. However, 
the greater resistance can cause the greater 1/f noise, which made it uneasy to read out the signals due to the great 
resistance. Therefore, a better thermal sensitive film requires high TCR and moderate resistance (1~ 2 Kȍ) [8]. 
For metal materials, TCR is positive due to the increasing mobility of metal carrier when temperature up, which 
means the higher temperature the greater resistance. TCR is the parameter which standardizes the relationship 
between electrical resistance and temperature expressed by ¢ as follows:  
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Near the room temperature, TCR can be extracted from the equation 3 as follows due to its independent of 
temperature: 
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Where ȡ2 and ȡ1 stand for the resistivity at T2 and T1 temperature, respectively. 
The resistivity of metal thin film can be described by Matthiessen rule [9]: 
sUUUUUU  GDIL  
Where ȡLˈȡIˈȡDˈȡG, ȡS stand for the resistivity caused by phonons, impurities, defects, grain boundary and 
scattering from the upper and lower of Film surface, respectively.  
 Only the first one contributes to the temperature coefficient of resistance, and the others are irrelevant to the 
temperature. 
The equation 3 can be written as following: 
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As for the same film, dȡL/dT is invariable, so the equation above can be written as: 
                                                                       
C
TT
LL  


 x
12
12 UUUD
                                                                           5     
This means that the product of TCR and resistivity is the constant. Therefore, the great TCR values can be 
obtained by reducing the resistivity caused by phonons, impurities, defects and grain boundary and scattering from 
upper and lower surface of the film. 
ȡIˈȡD and ȡG of the film can be decreased by the optimization of the preparation process, and the last can be 
eliminated through the increase of the film thickness which can also reduce the resistance of the sensitive film. So 
the film with suitable thickness should be required.  
2.2 Experiments Method
In this paper, platinum sensitive film was prepared by DC magnetron sputtering without heating substrate, the 
sheet resistance of thermistor was measured with a four-point probe in the range of 25  to 60ć  ć controlled by 
heating station, then TCR value was calculated (according to equation 3) referenced to room temperature (25 ).ć  Pt 
film thickness was measured using Tyler Hopson profilometer. The influences of vacuum annealing on the TCR of 
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the platinum  thermistor were studied, and micromachining technologies such as DC magnetron sputtering, 
lithography, plasma etching were applied in fabrication of Pt thin film thermistor.  
Fig.1 shows the fabrication process. The good thermal insulation structure plays a very important role in 
bolometers, which can improve the component sensitivity through decreasing heat exchange between the sensitive 
surface and the environment surround.  

 
 
Fig.1 Fabrication process steps 
In this paper, the microbridge was realized through the sacrificial layer. First, Ni film was sputtered by DC 
magnetron sputtering on silicon substrate, patterned through lift-off technique in order to form electrodes (Fig.1a). 
Secondly, spin polyimide film (about 2.1μm thickness) as the sacrificial layer and patterned by lithography 
technique, then processed using vacuum annealing (annealing temperature 160ć, rising and holding time were 
1800s) as shown in Fig.1b. Third, Į-Si:H film (120 nm) was deposited using radio frequency plasma chemical vapor 
deposition as the thermal insulation layer and support layer (deposition parameters˖substrate temperature 250 ć, 
SiH4 flow 80sccm, radio-frequency power 30W, working pressure 0.502 Torr, deposition time 4 min) ( Fig.1c). 
Then platinum sensitive film was sputtered by DC magnetron sputtering and formed in a serpentine pattern using 
lift-off technique (Fig.1d), in order to improve TCR of the sensitive films, vacuum annealing was taken, and the film 
thickness and optimal vacuum annealing parameter had to determinate. Finally, the sacrificial layer is removed by 
plasma etching process (Fig.1e) and bolometer pixel unit completed (Fig.2). 
 
Fig.2 SEM pictures of the fabricated test pixels. 
(e) Cavity formation 
(b) Polyimide sacrificial layer 
prepared and shaped 
(c) Graphic lithography 
(d) Platinum film sputtered  
and patterned 
(a) Electrode fabrication 
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3. Results and Discussion  
3.1 Relationships between film thickness and TCR 
The films prepared by DC magnetron sputtering with the argon flow of 100sccm, the working pressure of 0.8Pa 
and the sputtering current of 0.08A. The thickness of films varied with sputter time shown in fig.3. The values of 
TCR increase with the film thickness. As for the thin film, the electron scattering from the upper and lower surfaces 
contributes to the resistivity, and will be neglected when the film thickness is about one order of magnitude bigger 
than electron mean free path in the metal˄11nm at 0ć˅.  
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Fig.3 Relationship between TCR and film thickness 
3.2 Lnfluence of thermal annealing on TCR 
The appropriate thermal annealing process (including the annealing temperature and time) can not only improve 
the film thermal characteristics, but also eliminate the stress within the film, therefore, the films can withstand long-
term temperature changes, and life of the device can be extended. In this experiment, the films were annealed using 
rapid thermal annealing (RTA). Heating rate is 300 /h, and the highest temperature is 300  due to the special ć ć
nature of polyimide which will became fragile under 350 .ć  
As mentioned above, sensitive films with great resistance can bring high responsivity but great noise at the mean 
time, and resistance is inversely proportional to film thickness, so the moderate film thickness should be required. 
After a large number of experiments, the film with 60nm (23.379 ȍ/square) could meet the requirements. As shown 
in Fig.4, TCR value increased with the temperature. A study showed that the temperature coefficient of resistance 
could approach the bulk when the annealing temperature is higher than metal recrystallization temperature (500 )ć  
[10]. The films in high temperature are beneficial to grain growth due to the migration of atoms, and resulting in 
reduced grain boundary and a large number of defects. Additionally, the gas atoms exiting in the film during 
depositing escape leads to reduce of the impurity. Meanwhile, some of the defects, dislocations can move to the 
surface then disappear on their own.  
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Fig.4 TCR of different film thickness          Fig.5 Annealing temperature dependence of TCR 
 
As can be seen from Fig.5, the sheet resistance of the film with 60 nm decreased with the annealing temperature 
in the range of 100  to 300 ć ć which can increase TCR value based on Matthiessen rule mentioned above. 
Furthermore, the films structure and performance are improved greatly through vacuum annealing, and the TEM 
micrograph showed an increase in grain size (Fig.6).  
 
     
(a)                                                                              (b) 
    Fig.6 TEM micrographs of as-deposited Pt films after annealing at 100 ć and 300 ć are shown in (a), (b).  
 
Fig.7 showed the annealing time dependence of TCR and sheet resistance, we can see that the sheet resistance of 
the sample with 60 nm decreased from 23.379 ȍ/square to 16.286 ȍ/square through the proper annealing time 
which ranged from 1 h to 3 h, annealing temperature 300 ć, the TCR value peaked at 2 h, and then unvaried. 
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Fig.7 Annealing time dependence of TCR and sheet resistance 
 
3.3 stability test 
Stability of sensitive films plays an important role on the device performance, so resistance-temperature 
characteristic of sensitive films has been investigated. The sample was processed by the optimal annealing 
parameters: heating rate 300 /h, holding time 2ć  h, annealing temperature 300  and cooled naturally. As shć own 
in Fig.8, the films prepared with the resistance 1.28h103 ȍ at room temperature could achieve 1.737 ‰/K after 
vacuum annealing. And the initial measurement results were consistent with that of the measurement again after 48 
hours, and performed good linear stability. 
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Fig.8 Stability test of the Pt film resistance 
4. CONCLUSION 
Results showed that the film thickness has an influence on the values of TCR. The thicker the film thickness is, 
the greater TCR will be. In this paper, the Pt film we prepared is 60nm thickness. The temperature coefficient of 
resistance (TCR) of moderate resistance, approximately 1.28h103 ȍ, could be improved to close to 1.737 ‰/K by 
the optimal annealing process: annealing temperature 300 ć, heating rate 300 ć/h, holding time 2 h and natural 
cooling. The stability test performed 48 h after annealing showed that Pt thermal sensitive films prepared with good 
resistance-temperature properties can be used as the core of bolometers. 
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